High altitude reptiles inhabit adverse environments that condition their reproductive biology. The reproductive and fat body cycles of a high altitude oviparous population of the Common lizard (Zootoca vivipara) in the central Pyrenees were analysed and compared with data on other oviparous and viviparous populations from lower altitudes found in the literature. The studied population shows an extremely short reproductive period. Males show a mixed-type spermatogenesis with very short, vernal spermiogenesis. They emerge from their winter burrows earlier than females and remain unfertile until females start activity and the breeding season begins. Large males release more sperm in copulations than small ones. Females synchronically lay a single clutch per year whereas other oviparous populations living at lower altitudes are iteroparous. Females invest more fat reserves from different compartments (liver, tail) than males, but later in the reproductive season. This major energetic stress seems to be due to the long period of oviductal egg retention. The main effect of altitude on oviparous Zootoca vivipara is the shortening of the reproductive period, which precludes the laying of a second clutch. However, no substantial differences (other than reproductive modality) have been detected between this high mountain oviparous population and viviparous ones. This suggests that not only viviparity but also oviparity is a suitable strategy in such environmental conditions.
& BEA, 1987) with oviparous populations restricted to the Cantabric Mountains, Pyrenees and Aquitaine (BEA, 1978; HEULIN, 1988; HEULIN & GUILLAUME, 1989) . More recently, oviparous females have also been found in Slovenia and adjacent areas (BOHME et al., 1999; BOHME, pers.com.) . The female reproductive traits have been previously studied in both oviparous and viviparous populations (PANIGEL, 1956; AVERY, 1975; PILORGE & BARBAULT,1981; MELLADO etal., 1981; BAUWENS & VERHEYEN, 1985; BRANA, 1986; HEULIN et at., 1994) and genetic control of reproductive modality has been demonstrated HEULIN, 1990; HEULIN et al., 1992; ARRAYAGOet at., 1996) .
One important point is that the reproductive cycle has been studied only for oviparous females from low and medium altitudes (HEULIN et at., 1994; BRANA, 1986) . It would be of interest to analyse how such females face environmental conditions at high altitudes which would a priori be more suitable for viviparous lizards (SHINE, 1983) . Furthermore, little is known about male reproductive traits in this species; only GAVAUD(1991) reports some data on spermatogenesis in a viviparous population. Finally, the cycles of fat body and other reserve organs are also poorly known.
Thus, this study aims 1) to analyse the reproductive cycle of oviparous females at high altitudes and to compare it with those located at medium and low altitudes as well as with viviparous populations, 2) to describe the male reproductive cycle emphasising the study of spermatogenesis, and 3) to analyse annual variation of the fat body reserves in both sexes.
The study area is an alpine meadow at a high plateau located at 1800 m in the central Pyrenees (PIa de Beret, Naut Aran, UTM grid 31T CH3434), with a dominance of heather (Calluna vulgaris) and, to a lesser extent, common juniper (Juniperus communis). The area has a high mountain Atlantic climate with a mean annual temperature of 9.7°C and a total annual precipitation of918.9 mm (30 years means, PANAREDA& NUET, 1973) . From April to October 1995, 76 males and 53 females of Zootoca vivipara were captured in field sampling carried out every 15 days.
Only animals with active gonads in the reproductive season were considered adults and minimum adult sizes were determined for each sex. Outside the reproductive period, only lizards larger than these minima were included in the adult class and the rest were considered immatures (CARRETERO & LLORENTE, 1997) . A total of 38 adult males and 39 adult females were collected.
All lizards were sacrificed humanely and frozen. Once in the laboratory, they were dissected and several variables of sexual significance were recorded: right testis weight and right epididymis weight for males; right ovary weight, number of ovocytes, diameter of ovocytes, right oviduct diameter and number of oviductal eggs for females; snout-vent length (SVL), liver weight, fat bodies weight and the surface area (A) of the tail base for both sexes. The tail base section was measured at the level of the 7 th scale verticil, considering it an elliptic area: A = nab, where a represents the height and b the width. All weights were measured with a digital balance to the nearest 0.0001 g. Linear variables were measured to the nearest 0.01 mm using a digital calliper or a dissecting microscope with a micrometric eyepiece. Regression residuals between all variables and SVL (both log-transformed) were calculated to standardise for size.
In order to estimate the seasonal variation of the sexual cells, testis and epididymis extensions on microscope slides were coloured by the diff-quick method (BEA, 1979) and observed with an optic microscope (400 x). Three microscopic fields were selected at random and the number of distinct sexual cells was counted. Cell counts in the three fields were pooled for each cell type and for each male lizard. 
Male cycle
Adult males came out of their winter burrows in April, two weeks before females. The testis weight showed a high degree of seasonal variation (ANCOVA F(8, 28) = 13.81, p < 0.00001; fig. 1 ). After the winter diapause, testis size decreased gradually reaching a minimum during the first half of July. From then onwards, a significant increase in testis, weight was found. The right testis was lagger than the left (T test for paired data, T = 4.91, p = 0.00002). The epididymis also varied seasonally (ANCOVA F(8, 28) = 12.19, p < 0.00001; fig. 1 ) with high relative values during the reproductive period which lasted from early May to the end of June. Afterwards, it decreased reaching a minimum at the end of July and it remained constant until the diapause. In contrast to the testis, the epididymis were symmetric (T test).
Spermatogonia were the only cellular type which did not show variation throughout the year. The other cellular types varied seasonally and were (ANCOVA F(8, 28) = 5.07, p = 0.0006) and were absent in the first half of July. It is noteworthy that there were more spermatides before than after the diapause. The variation in spermatozoa was significant in both testis and epididymis (ANCOVAs F(8, 28) = 8.66, p < 0. 00001 and F(8,28) = 16.45, p < 0.00001, respectively). When males emerged from the winter diapause, spermatozoa were scarce in testes but almost completely absent in the epididymis. Afterwards, the number of spermatozoa increased progressively, earlier in testes than in the epididymis, and then both decreased again until mid-June. After this decrease, no spermatozoa were found until the following activity period. Only two males showed some spermatozoa in testes during the last week of September. During the mating period (May-June), the number of spermatozoa in testes was negatively correlated with SVL whereas in the epididymis this correlation was positive ( fig. 3) .
Epithelial cells were found in the epididymis from early July to late September, and their number increased throughout this period (ANCOVA F(8, 28) = 16.45, p < 0.00001). reaching its maximum between the second half of June and the first half of July. In the second half of July the diameter of the oviduct decreased and remained constant throughout the rest of the active cycle (ANCOVA Fat body weight showed significant variation throughout the active period in both males and females (ANCOVA F(8, 28) = 7.02, p = 0.000045 and ANCOVA F(8,29) = 13.94, p < 0.00001, respectively; fig. 6 ). In males, fat bodies attained a minimum weight in June and early July, whereas in females this occured in July. Liver weight also varied seasonally in both sexes (ANCOVA F(8.28) = 3.17, P = 0.010800 for males, and ANCOVA F(8.29) = 11.15, P < 0.00001 for females; fig. 6 ). In males only the increase of liver weight between the first and the second half of August was significant. In contrast, the female pattern was similar to that of their fat bodies. Furthermore, the area of the tail base section showed seasonal variation in females (ANCOVA F(8, 29) = 3.42, P = 0.006774), but not in males (ANCOVA F(8, 28) = 1.50, P = 0.200159 n.s.) ( fig. 6 ). In females the variation in tail section area was again very similar to the pattern of fat bodies and liver.
Based on the sizes of the lizards collected (table 1), the high Pyrenean Z. vivipara reaches sexual maturity during the second calendar year in both sexes, since the cohort of immature lizards reached minimum adult size (43 mm) once the reproductive period has finished. These results are similar to other oviparous populations of this species (HEULIN et al., 1994) . The most relevant trait used to distinguish the different male reproductive cycles in reptiles is the stage in which sexual cells remain, after the reproductive period (SAINT-GIRONS, 1963b; BONS & SAINT-GIRONS, 1982; SAINT-GIRONS, 1984) . Male Z. vivipara shows mixed-type spermatogenesis since spermatocytes and spermatides are found almost immediately after the end of the breeding period and then throughout the year until the next reproductive season. Spermiogenesis is very short as found in other lizards living in cold climates (BRANA, 1983) . However, at least for some individuals there is evidence of a second spermiogenic period which is interrupted at the beginning of September. Similar results have been observed in some Mediterranean lacertids such as Podarcis sicula (ANGELINI et al., 1979) and Psammodromus algirus (BONS & SAINT-GIRONS, 1982; CARRETERO & LLORENTE, 1997) . Furthermore, the number of spermatida is much lower at the beginning of the cycle than at the end suggesting abortive spermatogenesis (ANGELINI et al., 1979) .
As reported before, spermiogenesis is almost exclusively vernal (GA-VAUD,1991) and spermatozoa are already present at the beginning of the activity period but remain in testes. They are functional only when they pass to the epididymis about two weeks later. Thus, male Z. vivipara are infertile immediately after hibernation, this confirms the results reported by OLSON & MADSEN (1996) for Lacerta agiUs. The relationship between the number of spermatozoa and body size indicates that the larger the male, the greater the number of sperm cells found in the epididymis and the lower the number left in the testes during the breeding season. This suggests that large males do not produce more spermatozoa than small ones, but pass more sperm from the testes to the epididymis and probably release it in copulations. If this is true, large lizards have a higher probability of genome transmission.
This cellular variation matches reasonably well with the seasonal changes in size observed in testes and the epididymis. Epididymis weight is associated with the number of spermatozoa whereas testis weight is related with the overall number of sexual cells. Finally, the presence of epithelial cells in the epididymis from early July to the end of activity has been reported previously (GAVAUD, 1991) and has been attributed to the regeneration of the epididymis epithelium after reproduction.
The most remarkable trait found in females is that vitellogenic follicles and oviductal eggs are found very late and only during a very short period (June-July). As a result, reproduction becomes very synchronic, individual females apparently lay only one clutch per year and new-borns appear simultaneously and very late, in the year. These results are quite similar to those found in the oviparous population living at 1490 m in the Cantabric mountains (BRANA, 1986) . In contrast, oviparous populations at medium (llOO m) or low altitudes (370-150 m) in Aquitaine and the Pyrenees have been reported to begin reproduction eaelier, with females laying two or even three clutches per year and hatchlings being found over a wider period (HEULIN et al., 1991; HEULIN et al., 1994) . Similar variation has also been observed in viviparous populations but they do not seem to be iteroparous in any case (see HEULIN et ai., 1991 and references therein) . Thus, the clutch frequency of high-altitude oviparous populations are comparable to viviparous ones. However, parturition in viviparous females takes place before the hatching of oviparous clutches under the same environmental conditions (HEULIN et al., 1991) .
The climatic conditions at high altitudes tend to shorten the annual activity period and prevent females from laying a second clutch (BRANA, 1983) . This is especially true for lizards such as the oviparous Z. vivipara which show long oviductal retention of eggs (BRANA et al., 1991) . In such environments egg retention in the oviduct is a system for reducing incubation time by buffering the environmental conditions by means of female thermoregulation (BLACKBURN, 1982; SHINE, 1983 SHINE, , 1985 QUALLS & SHINE, 1996) .
The variation of body reserves during the activity period highlights interesting intersexual differences. Females invest more fat reserves than males but later in the reproductive season, as reported for other lacertid species (ARGUELLO, 1990; CARRETERO & LLORENTE, 1991 , 1995 . Moreover, this investment implies more compartments in females than in males (i.e. tail fat, see fig. 6 ). Sperm production seems to be energetically cheap for lizards but not for some snakes (Vipera herus, OLSON et ai., 1997) . Prenuptial spermatogenesis of many lizards extends for at least four months. In contrast, many snakes show postnuptial sperm production concentrated in one month (BONS & SAINT-GIRONS, 1982) . This suggests that male lizards are less stressed than male snakes since energetic investment in sperm is distributed over a longer period. Furthermore, egg transport is an additional cause for energetic stress in females (SCHWARZKOPF, 1996) . This may be especially important in those species with long egg retention such as the oviparous Z. vivipara (BRANA et ai., 1991) .
In conclusion, the reproductive cycle of this population of Zootoca vivipara is quite similar to other mountain lacertids (ELVIRA & VIGAL, 1985; BRANA, 1986) . In comparison with other oviparous populations of the same species living at low or medium altitudes, the reproductive period is shorter due to unfavourable climatic conditions, which prevent the laying of a second clutch. However, no substantial differences (other than reproductive modality) have been detected between this high mountain oviparous population and the viviparous ones. This suggests that viviparity and oviparity (with long egg retention) are both suitable strategies in such environmental conditions.
